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vied tunnel TZSTS of sight -BLADE sihgls- aitd 



DUAL -EOT AT 1 1TG PEOPBLLBES IN THE T BAG TOE POSITION 
By David Biermann and If, H. &ray 



Tests of 10-foot diameter, eight- blade single- and 
dual-rotating propellers irere conducted in the 20-foot 
propeller-research tunnel" as a c ont inuat i on of a previous 
investigation of four- and six-blade propellers* The pro- 
pellers yere mounted at the front end of a streamline body 
in spinners that covered the hubs and part of the shanks. 
The effect of a symmetrical v/ing . mount od in the slipstream 
was investigated, Blade-angle settings ranged from 20° to 
65°. 

The results indicate that dual rotation resulted in 
gains of 1 to 8 percent. in efficiency over single rotation 
for eight-blade propellers, but the -presence of a v/ing 
reduced the gain by about ono-half 0 Also indicated vas a 
•greater power absorption duo to dual rotation over the en- 
tire flight range, and higher efficiency or thrust for the 
range of take-off and climbs , 

INTEODUCTIOH 



A re-port previously released (reference l) presented 
results of tests of four- and six-blade dual- and singlc- 
. rotating tractor pr opcller s 0 • The jjresent report describes 
the results of a; subsequent investigation of eight-blade 
single- and dual-rotating propellers mounted in the trac- 
tor position on the same, set-up as' that previously used* 
The effect of a symmetrical v/ing mounted in the slipstream 
vras included in the investigation as before* 



APPARATUS AITD IflTSODS 



Inasmuch as the present investigation is a continua- 
tion of one previously made in the propeller-research tun- 
nel (see reference 1), a detailed description of the appa- 
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ratus and methods will not be repeated here* A short de- 
scription is included, however, in order to na&o this re- 
port fairly complete within itself, 

Propeller s «~ Both the eight-blade single- and dual- 
rotating propellers were nounted in four-way hubs spaced 

9~-| inches apart (see figs. 1 and 2), thereby providing 

identical "blade shank and spinner conditions. Preliminary 
tests were nade to determine the optimum angular displace- 
ment between the front and rear propeller blades for the 
single-rotation tests; the blades of the front propeller 
were set to lead the blades of the rear propeller by 75°, 

52f° ? and 30°. Although the results indicated little dif- 
ference between these three spacings, the 52^ spacing was 
considered the best. Equal spacing of 45° Was not possible 
owing to a limitation imposed by the shaft spline* 

The blades used for the present investigation were the 
sane as previously tested, namely, Hamilton Standard 3155-6 
and 3156-S, right-hand and left-hand, respectively, Blade- 
form curves are given in figure 3 # Cla.rk T sections <are 
incorporated throughout , 

Test conditions »- Because of the limiting tunnel 
speed (approximately 110 mph) and the limiting power of 
the drive motors (two 25 hp electric motors) , the Fweynolds 
number and the tip speed were considerably lower than 
those experienced in flight. The maximum propeller speed, 
which wa.s 550 rpm, was obtainable only for the low blade 
angles and the low V/nD range of the tests* The tip 
speed, consequently, was below 300 feet per second, and 
thus the effect of compressibility could not be jaeacurod. 
The Reynolds number of the 0.75R section was only of the 
order of one million. The effect' of Reynolds number was 
not critical within the range of the tests as the effect 
of changes between one-half million and one million could 
not be measured* 

The left-hand (front) propeller was set at even val- 
ues of blade setting for the dual-rotation tests 0 The 
right-hand (rear) propeller was set to absorb the same 
power as the left-hand propeller for' only the peak effi- 
ciency condition* A plot of the angular difference between 
the right-hand and the left-hand propeller-blade settings 
is given in figure 4. The speed of the right- and the 
left-hand propellers Was maintained equal throughout the 



tests. The test procedure was the satio as that used for 
previous investigations in this tunnel. 



RESULTS AITD DISCUSSIOl! 



The noasured values have "been reduced to the usual 
coefficients of thrust, power, and propulsive efficiency^ 

r effective thrust 

\j rp — ~ 

2^4 



p n D 



n engine power 
v/p ~ : ~ 



p n 3 D 5 



pv 



where the effective thrust is the neasurod thrust of the 
pr opoller- "body cor.hinat i on plus the drag of the "body 
neasurod separately . 

D propeller diar.ieter, feet 

n propeller rotational speed, revolutions 
per second 

p nass density of the air, slugs per cubic foot 

These coefficients ;;ere plotted against V / nD . . The 
results are given in the following figures: . 

• figures 

5 - 7. Characteristic curves for eight-olade propeller, 
single rotation without uihg 

3-11 Characteristic curves for eight-hlade propeller , 
dual rotation Without v:ing 

12 - 15 Shara<?t eristic curves for eight-hladc propeller, 
single rotation with wing 
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Characteristic curves for eight -"blade propeller, 
dual rotation with wing 

Ratio of power coefficients per "blade for oight- 
an& three-blade propellers . . 

Characteristic curve comparisons shotting effect 
of small variations in rear "blade-angle set- 
ting y 

Efficiency envelope comparisons for eight-blade 
propeller s 

Efficiency envelope comparisons of four-, si?:-, 
a n d e i g h t — "b 1 a d e propellers 

Increment s of efficiency resulting from dual 
rotation 

Effect of dual rotation on efficiency for con- 
stant power coefficients 

Effect of dual rotation on thrust 

The general characteristics of eight-blade single-* 
and dual—rotating propellers, shown in figures 5 to 20, 
indicate that the principal effect' of the -increased solid- 
ity over that for the four- and six-blade propellers re- 
ported in. reference 1 was increased total power absorption \ 
with little loss in' "blade efficiency. 

Effect off l&u^^ frofral. v<>*mr afr sorted Of 

particular interest is the fact that "the dual-rotating 
propellers absorbed appreciably more pov/er than did the 
single-rotating one, as nay "be noted in figures IS to . 19, 
wherein the characteristic curves obtained for several an- 
gle settings for single rotation are superimposed on those 
for dual rotation. This increased power absorption may be 
accounted for... by the. fact that the front propeller intro- 
duced a rotational component to the' slipstream, wliich in- 
creased the resultant velocity over the rear propeller 
blades* I'hi s- r o t at i onal component is greatest when the 
blade elements meet the relative air. with the greatest an- 
gles of attach, so the effect was more noticeable at low 
V/nB values than for the high Y/nD values. This in- 
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creased power— absorption characteristic of dual-rotating 
propellers' is one explanation for their resulting superior 
take-off qualities, owing to the fact that for this condi- 
tion the pitch is reduced to a lower value than for single- 
rotating propellers o 

A conparison is made in figure 21 wherein the power 
absorbed at peak efficiency per "blade, relative to that 
for the blades of a three— "blade propeller, is presented 
for both single- and dual-rotating propellers* 'This plot 
indicates that the effectiveness of each "blade of the dual 
propeller in absorbing power was subst ant ially more than 
that for a single-rotating propeller; the individual "blades 
of an ei glit- blade dual propeller absorbed appr oximat ely 87 
percent as nuch power as each "blade of a three-blade single 
propeller, as compared to only 80 percent for an eight- 
"blade single propeller. 

Effect of dual ro tat ion on -power absorbed "by rear pro- 
peller^ The dual-r o.t at i on tests were conducted with the 
rear propeller set at a slightly lower angle than the front- 
one in order to equalize the power for the peak efficiency 
condition. 'The rear propeller absorbed snore power than the 
front one at lower V/nD values than those for peak effi- 
ciency*. A few tests were made to determine the blade set- 
tings of the rear propeller necessary to produce equal 
power absorption; the results of these tests are shown in 
figures 22 and 23 c Whether there is any aerodynamic ad- 
vantage in equalizing the poi/er of the two propellers for 
the tako-off and .climbing conditions of flight cannot be 
determined from these tests, because direct efficiency com- 
parisons cannot be made on a basis of equal power absorp- 
tion© 

Snvelo-pe efficiency corn-pa r i sons c - 'The same general 
improvement in efficiency due to dual rotation may be noted 
in figure 24 for the eight-blade propellers as for the 
earlier .tests of four- and six-blade propellers. The gain 
in efficiency due to dual rotation, without the wing, 
ranged from about 1 to 3 percent, depending upon the blade 
angle or V/nD. which is somewhat greater than that meas- 
ured in the four- and six-blade tests, The gains were 
somewhat less with the wing in place, owing to its effect 
in reducing the rotational losses for the single-rotating 
propeller ♦ The wing appeared to have a slight beneficial 
effect on the dual propellers, as may be noted in figure 
25 o This same effect, which is not easily accounted for, 
was also indicated in the earlier tests of the four- .and 
six-blade propeller s * 



In figures 26 and 27 are sh'ovm the envelope efficiency 
■curves for .the present eight~blade',pr opeiler s and curves 
for four- -and six-blade propellers, attained from reference 
1 for comparison. The general effect of increasing the so- 
lidity for single rotation without t-he wing, shown" in fig- 
ure 26(a), was to reduce the efficiency a few percent over 
the V/nD range,, The presence of the wing resulted in 
raising th& efficiency- of all these : single-rotating propel- 
lers, particularly those of highest solidity.. (See fig. 
26(h).). The loss in e f f i ci ency - r e sul t i ng" f r om increasing 
the solidity was generally less for dual rotation than for 
single rotation,, as may he noted iron figures 26 and 27, 
particularly for the" condit i on without wing e 

It s-hould he pointed out that envelope- efficiency com- 
parisons for propellers of. different solidity are more of an 
academic interest than of practical value' because of the 
fact that the power ahsorption is different for different 
solidit ies« Such comparisons provide a- measure of blade 
efficiency, or the effect of blade interference/ From en- 
gineering design considerations the comparisons should he 
made ; on the oasis of constant pov/e**,'. Such comparisons of 
solidity are provided in reference 2« 

•The effects of clual rotation on the pea.k efficiency 
for four-., six-, and eight- blade propellers are summarised 
in figures 23 and 29. Although the results are not of 
sufficient accuracy to def ine • di f f erence s in efficiency' 

. less . than. 1 . per cent , they- show, in general, that the gain 
arising from dual-rotating propellers increases with the 
blade. angle or V/nD, and also with propeller solidity. 

..The gains were somewhat -great er for the condition without 
the wing than with the wing (7 percent as compared with 4jf 
percent, for T/nD of 5 o 0, eight-blade propeller.) 

.... tffSoi^c^ -ana ^biirussb CQBroaytacm.g "&t constant- power. ~ 
Inasmuch • as the ; dual-r o tat ing propellers 'absorbed somewhat 
more power at; the same blade setting than the' single- 
rot at ing: pr ope lie r s , t.he^'cffect of dual rotation on effi- 
ciency should be based on equal power absorption., Compar- 
isons are made -in figures SO to 32^for Cp values of 0.2, 
0 o 4,' and 0*5. Substantial gains in efficiency may bo noted 
for the. entire operating range, particularly for the take- 
off condition of propellers operating at high values of 
Cp. These efficiency gain's arc translated into' thrust 
gains' in figure 33 0 Take-off thrust gains up t o 20 per- 
cent arc indicated for dual propellers operating at a power 
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coefficient of 0*6; somewhat loss for lov;or power coeffi- 
cicntsp This increased thrust may Do accounted for partly 
"by the fact that dual— rotating propellers absorbed more 
power than single-rotating ones as mentioned "before and, 
consequently, the "blade-angle settings for the dual pro- 
pellers ucro computed to he somewhat lower than for single- 
rotating propellers; particularly for the titko— off and 
clinh conditions. This lower "blade-angle setting results 
in greater thrust for a given power output, bwi&g to the 
higher lift-drag ratios of the elements* Also with dual 
propellers the losses due to slipstream rotation are great- 
ly reduced and perhaps eliminated, which accounts for a 
large percentage of the gain in efficiency . 



COl'CLUSIOITS 

The,. general effects of dual rotation on propeller 
characteristics found. in previous tests of four-. and six- 
"blade propeller s were similar * bu45 were more pronounced 
in the present investigation of eight-olade propellers. 
These effects are listed more specifically in the follow- 
ing conclusions relating to the present investigation. 

; ' 1 * The peak efficiency of an ■ elght-hlade dual-' 
rotating propeller was found to oo from 1 t.o 8 percent 
higher than that for a corresponding single-rotating pro- 
peller* The gain in efficiency depended upon the "blade- 
angle setting, the higher the setting the greater the gain, 
up to a limiting test "blade-angle of 65% 

2* The presence of a wing in the slipstream improved 
the efficiency of the single-rotating propeller aoout half 
as much as was ohtainod "by means of dual rotation* 

3 # An oight~hla&o dual-rotating propeller was found 
to ahsorh substantially more power at peak efficiency than 
an eight-"blade single-rotating propeller; the effect was 
even more pronounced at talcc-off and climbing conditions «, 

4 # An eight-hlado dual-rotating propeller was found 
to he substantially more efficient for the take-off condi- 
tion of flight than an eight-hiade single-rotating pro- 
peller, particularly for conditions of operation at high 
power coefficient s • 
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5. Tlie blade efficiency of ei^ht-blade single- and 
dual~r otat ing propellers was. only slightly less than, for 
corresponding four- and si:>:~blad.e propellers previously 
tested*. 

6 0 Tlie power absorbed per blade by eight-blade dual- 
rotation and eight -"blade single-rotation propellers, as 
compared to a three-blade propeller, was about 87 and 80 
per.cent., respectively, at peak efficiency. 

La&igley Ilenorial Aer.on'aut i cal Laboratory, 

National Advisory Connitt ee for Aeronautics, 
Langley Field, ?a« 
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Figure 3.- Plan-form and blade-form curves for propellers 3155-6 

and 3156-6. D, diameter; K, radius to the tip; r, station 
radius; b, section chord; h t section thickness; p t geometric pitch. 
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Figs. 4,21 
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Difference in blade angle for equal torque 
at peak efficiency for, eight blades, dual 
rotation. 
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Figure 21 c - Ratio of power absorbed at peak efficiency 
per blade for eight-and three-blade pro- 
pellers. With wing. 



W«4 




1.6 2.0 2.4 2.8 3.2 

V/nD 

Figure 5." Thrust-coefficient curves for 8-blade, single rototiop, without wing. 




Figure 7.~ Efficiency curves for 8-blade, single rotation, without wing. 
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Fiqure 6(a)" Power- coefficient curves for 8 _ blode, single 
rotation, without wing- 
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0 4 8/2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.6 5.2 5.6 6.0 

V/nD 

Figure 6b.- Power - coefficient curves for 8-blade, single rotation, without wing. 




V/nD 

Figure 19. - Efficiency curves for 8-blode dual rotation wifh wing shoeing Suptf'Vnpused curves for 30°, 45° and 60° single rotation. 
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Figure 8.- Thrust U C efficient curves for 8-blo ie dual rotation, tractor without wmq. 




L-384 





V/nD 



Figure 9(b).-Power-coeffiaent curves for fi-blode dual rotation, tractor, without wing. 
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Figure 1 1.~ Efficiency curves for 8-blade dual rotation, tractor, without wing . 
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Figure 12.- Thrust - coefficient curves for 8-blade single rotation with w'"".g . 
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Fig. 15 




15.- Design chart for propeller 3155-6, eight-blade single rotation with wing. 




Figure 16." Thrust coefficient corves tor 8'blode dus' -oto + 'on with wing, showing superimposed 
curves for 30" +5* c- J £'.' Jingle roto* ; on 




Figure 17(a).- Power coefficient curves for 8-blade duol <-o+ation wi'fh wing, 
snowing superimposed curve for 30° single rotation. 
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Figure 
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18(a) - Individual power coefficient curves for 8-bl a de 
duol rotation with wing. 
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Figs. 20 




Figure 20.- 



Design chart for propeller? 3155-6(R.H.) and 3156-6( L.H. ), eight-blade dual rotation with wing. 




Fiqure 23." Power 



coefficient curves showinq fhc effect of small variations in rear blade angle for a front blade angle of 4-0°. 
(8-blade dual rotoiion propellers without wing-) 
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Figs .24,25 




Dual rotation with wing 
Single 



(bj 
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V/nD 

(a) W'lfhout wing (jb) Wi'fh wing 

F/gure 24.- Efficiency envelope comparisons for e/ghf-blade propeller showing affect of dua) 
r-otot'ion 
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(b) 



Single rotation with wing 

" without wing 



Dual rotation with wing 

without wmg 
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(3) Single rotation (b) Dual rotation 

Figure 25.- Efficiency envelope comparisons for eighf- blade propeller showing effect of wmg 
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(a) Without wing. (b) With wing. 
Figure 26.- Efficiency envelope comparisons for single rotation (4-and 6-blade results taken 
from reference 1). 
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(a) 




(a) Without wing. (b) With wing. 

Figure 27.- Efficiency envelope comparisons for dual rotation (4-and 6-blade results taken 
from reference 1). 
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Figs. 28,29 




Figure 29.- Increments of peak efficiency resulting from dual rotation. With wing 
(4-and 6-blade results taken from reference 1). 
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Figs. 52,35 




Figure 33,- Effect of dual rotation on thrust at constant power. With wing. 



